Health care is expensive in the United States. There is an increasing focus on value rather than volume. Accurately measuring quality is a critically important step in determining value of care delivered. This article discusses the trials and techniques of measuring quality in spine surgery. A detailed analysis of advantages and disadvantages of various measures of quality, including process measurements, patient-reported outcome measurements, and safety measurements is included-from a historical perspective through modern practice.
I
n the early 1970s, spine surgery consisted primarily of the decompression of lesions compressing the neural elements, 1 and noninstrumented fusion in Situ (with autograft) for gross mechanical instability 2 or scoliosis. 3 The following decades saw an explosion in the availability of tools and techniques for more precise and effective spine surgeries. From segmental instrumentation with hooks and wires 4 to pedicle screws 5 and interbody cages, biologics 6 such as bone morphogenic protein and bone graft substitutes, disc arthroplasty, 7 and minimally invasive or computer-assisted surgery, the technological details of what constitutes a modern spinal fusion surgery would be nearly unrecognizable to our forbearers. With this increased technology, spine surgery has made great strides in quality, allowing greater fusion rates, 8 more satisfied patients, 9 and shorter recovery times. 8, 9 The demand for this care is limitless, especially in a third-party payer system such as the United States, where the end consumer is shielded from much of the cost. Unlike the microprocessor industry, where Moore's law predicts a doubling of processing ABBREVIATIONS: EQ-5D, European Quality of Life 5D; HRQoL, health-related quality of life; IOM, Institute of Medicine; MCID, minimal clinically important difference; NDI, Neck Disability Index; NRS, Numerical Rating Scale; ODI, Oswestry Disability Index; PQRS, Physician Quality Reporting System; PROM, patient-reported outcome measure; QALY, quality-adjusted life years; RCT, randomized controlled trial; SCB, substantial clinical benefit; SF-36, Short Form 36; VAS, visual analog scale power every 2 yr with a decreasing cost per transistor, 10 spinal surgery has experienced a cost structure that has skyrocketed along the same upward trajectory as the technology we employ-it has gotten both more powerful and more expensive per intervention! From 1997 to 2005, spine-related health care increased nearly 65% to $86 billion per year in the United States. 11 This is not a problem unique to spinal surgery-health care in the United States consumes an ever-growing fraction of our gross national product. Federal spending on major health care programs such as Medicare and Medicaid is projected to be the single largest expenditure in the entire United States budget by the year 2038. 12 As the cost of health care becomes difficult to sustain, payers are increasingly moving toward value-based compensation models to replace traditional "fee for service" models that are more commonly utilized in the United States. The value of a health care intervention is defined as the quality of the intervention divided by the cost of the intervention measured over time. 13, 14 On the surface, this seems like a very straightforward concept, although both quality and cost have proven difficult to measure with consensus. 13 It is of critical importance to determine quality in spine surgery both accurately and with precision to help define its value to individual patients and society. The American Recovery and Reinvestment Act of 2009 mandated a $1.1 billion investment in comparative effectiveness research to evaluate health care efficacy. The Spinal Patient Outcomes Research Trial and others were undertaken secondary to this mandate to evaluate the benefits and harms of methods to prevent, diagnose, treat, and monitor various spinal pathologies. 14 The Affordable Care Act of 2013, the largest expansion of government into health care since the creation of Medicare and Medicaid, 15 has budgeted $75 million over 5 yr 16 to develop outcome metrics to better evaluate (and reimburse for) high-quality care. 17 With this newfound focus on value and future changes toward value-based reimbursement, it is more important than ever that the spine care provider understand the concept of quality and how it is measured. The focus of this article will review a history of surgical outcome and quality measurement and discuss current standards for measuring quality and cost-effectiveness in spine surgery.
HOW DO WE MEASURE QUALITY?
Measuring quality in health care appears at first glance to be a straightforward concept; however, it continues to be the subject of ongoing debate. On the surface, quality in spine surgery can be defined as a "successful" outcome following a surgical intervention. Historically, this was reported based solely on the physician's assessment of the patient's outcome (aka "surgeon satisfaction surveys"). This fairly coarse rating system "excellent/good/fair/poor" was accompanied by an equally inelegant patient satisfaction scale of "satisfied/not satisfied." Similarly, objective outcome measurements such as return of neurological function following a decompression or radiographic fusion following an arthrodesis were also often reported, although again in a very subjective manner, by the operating surgeon, and without documentation of clinical symptoms.
As the complexity and cost of health care ballooned in the 1960s with the implementation of Medicare and Medicaid, it became more important to develop objective measurements of quality. Avedis Donabedian, often described as the "founder of quality" in modern health care, suggested in 1966 that the quality of health care is best measured by observing its structure, processes, and outcomes. 18 Donabedian emphasized evaluating systems of care to deliver quality health care. Structure measures evaluate the setting where care is delivered, whereas process measures are defined by how care is delivered. Outcome measures are the end result of health care and may be either individual or population based. 19 Optimizing outcomes in this system-based approach requires measuring and changing both structure and process variables. Much of the effort of measuring quality in health care to date has been on structure and process metrics, as they are relatively straightforward to quantify. There has been difficulty in developing outcome measures, especially patientreported outcomes for wide scale use in spine surgery.
The publishing by the Institute of Medicine (IOM) of "To Err is Human" 20 and the follow-up paper "Crossing the Quality Chasm" 21 were major catalysts in mandating a higher standard of quality in medical care. The IOM further defined health care quality as "the degree for which health services for individuals and populations increase the likelihood of desired health outcomes and are consistent with current professional knowledge." 15, 22 The IOM thus incorporates 2 of Donabedian's 3 maxims in their quality definition (processes and outcomes) and has further suggested that health care should have the 6 primary goals of being effective, safe, patient centered, timely, efficient, and equitable. 23 Thus, it is reasonable that modern measurement of quality in spine surgery is most readily assessed by evaluating process measures, outcome measures, and safety measures (complications).
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Process Measurements
Process measurement refers to concrete, discretely measurable elements that are observed during the process of care. Examples of these include parameters such as length of stay, intraoperative time or blood loss, or the administration of aspirin and beta blockers or preoperative antibiotics. 14, 23, 27 There is significant debate, however, regarding the degree to which process measurements are clinically relevant, or reflect quality. 14, 24, 25 Criticisms of using process variables to measure quality include the fact that they are not patient centered (they do not take in to account the patient's outcome, arguably most important), they are easily confounded by variables such as the degree of patient illness, and the evidence supporting "best practices" for process measures is often weak. 25 Process measurements are the basis for national data reporting such as the Physician Quality Reporting System (PQRS) required by the US government. Secondary to the advent of electronic medical records, these variables are less burdensome to collect than patient-based outcome measures, as they can often be extracted from existing databases.
14 Because of the ease of collection and availability of process measurements, payers and policy makers will use them to make decisions about the delivery of health care if not provided an alternative, more outcomecentered metric.
14 It is therefore in the best interest of patients and spine care providers to identify which measures of quality are important and make the effort to record these measurements and communicate their results to payers and policy makers alike. 
Patient-Reported Outcome Measurements
The ultimate goals of intervention for spinal pathology are to improve the patient's quality of life, restore function, and relieve pain. 23 Because quality of life is a perception that is unique and differs from individual to individual, the instruments used to measure this metric should evaluate those parameters that are most important to the patient. Patient-reported outcome measures (PROMs) should evaluate the quality of a patient's life and should include domains such as pain, function, return to work, or return to previous activity that are important to the patient. 14, 24, 27 There is a wide variety of PROMs used in spine surgery representing many of these domains. While there are many independents metrics available for PROMs, few are used in common clinical practice. 25 The Scientific Advisory Committee of the Medical Outcomes Trust has defined 8 areas that should be addressed when analyzing an outcome study: conceptual and measurement model, reliability, validity, responsiveness, interpretability, respondent and administrative burden, alternative forms, and cultural and language adaptations. 26 However, it is noted that a majority of clinicians have not collected patient outcome data. Reasons cited include difficulty collecting and managing the data, as well as timeliness and ease of completion for the patient. 26 Therefore, a goal of a successful PROM survey should therefore be to assess outcome with minimal burden to patient and clinician.
Health-related quality of life (HRQoL) measurements can be relate to a patient's general overall health, be disease specific, or related to pain. 26 All of these measurements might be positively influenced by a "successful" spine intervention performed on the correct patient; however, disease-specific measurements are often more sensitive to change following surgical intervention.
These surveys yield a numeric value, and while it is easy to see the number go up or down, it is more difficult to ascertain that this change correlates with meaningful improvement to the patient. The concept of minimal clinically important difference (MCID) was described 27 to help elucidate the difference between a statistically significant change and a clinically relevant change. MCID is the smallest change that a patient will consistently identify as a real change. For most interventions, MCID should probably be considered a floor rather than a goal. The concept of substantial clinical benefit (SCB) was recently defined as the change that the patient views as a major clinical improvement, 28 and is a value that is more in line with what should be considered a "successful" outcome.
General Health Surveys
The most commonly used general health PROM is the Short Form 36 (SF36), a questionnaire that provides health-related outcomes in 8 domains, but is more commonly broken down into 2 summary scores: physical and mental. 29, 30 Several studies have shown that the SF36 is as effective as more disease-specific measurement tools (such as the Oswestry Disability Index [ODI]) in determining outcomes following lumbar spine surgery. A shorter version of the SF36 containing 12 questions (called the SF12) has similar efficacy but is unable to be broken down into the 8 domains of health, and merely reports physical and mental scores. One drawback of both of these tests is that they do not give a single, summary score, and so they are difficult to rectify with measures of total health value such as quality-adjusted life years (QALYs).
The European Quality of Life 5D (EQ-5D) was created in the late 1980s with the goal of developing a standard measure of health status.
14 The EQ-5D is a short measure of general health that assesses 5 dimensions of HRQoL: mobility, self-care, daily activities, pain and discomfort, and anxiety or depression. The EQ-5D consists of 245 distinct health states, which are divided into 5 dimensions and further subdivided into 3 levels (no problem, moderate problem, severe problem). This was recently modified to allow 5 levels (no problems, slight problems, moderate problems, severe problems, and extreme problems) for more reliability and sensitivity. The dimensions address mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. The test ultimately yields an index score that ranges from 0 (death) to 1.0 (perfect health).
The EQ-5D has been shown to be both valid and reliable, 31 but it is more general than the SF36, and that has led to concern that it is too general to be applied to disorders of the spine. However, some studies have reported that the validity, reliability, and responsiveness are comparable to that of the ODI and other disease-specific measures for patients who have lumbar spine disorders. 14, 32, 33 The EQ-5D has both a descriptive system and visual analog scale (VAS) as separate parts. MCID for the descriptive questionnaire has been reported to be 0.05. 
Disease-Specific Outcome Measures
The ODI was published in the 1980s as a low back specific tool that measures a person's impairment of activities of daily living. It has been released in several versions. The most widely used of these is one developed by Fairbank and Paul 35 and modified by the American Academy of Orthopaedic Surgeons. The ODI questionnaire contains 10 domains, each with 6 statements that describe successively greater degrees of disability. The domains are pain, personal care, lifting, walking, sitting, standing, sleeping, sex life, social life, and traveling. Each domain is scored from 0 to 5, and the total score is doubled and expressed as a percentage that ranges from 0 to 100, with high scores indicating greater disability. 36 This survey has proven to be both reliable and valid. 36 Recent studies have shown that in patients with an established surgical indication such as spondylolisthesis or degenerative disk disease an MCID of between 10 and 12.8 was obtained for the test, but a difference of 18.8 was necessary for SCB. 29 The Neck Disability Index (NDI), or Vernon-Mior Disability Index, was originally published in the early 1990s. 37 It is composed of 10 questions that quantify general neck disability related to recreation, sleeping, driving, work, concentration, headaches, reading, lifting, self-care, and pain intensity. 38 Each category is scored on a 6-point scale, with 0 indicating no disability and 5 representing full disability. The total score (maximum = 50) is then multiplied by 2 to provide a percentage. It has been shown to be valid, 38 responsive, and reliable by multiple studies 39, 40 for patients with acute and chronic disability of the neck. Several studies have established the MCID for the NDI (between 7.5 and 11.3 41 ). Non-validated "patient outcome surveys" provided by hospitals are a poor surrogate for postoperative quality of life improvement. 42, 43, 44 Patient satisfaction metrics likely represent the patient's subjective contentment with their overall experience in their health care setting, which is a distinct aspect of care. Satisfaction metrics are important patient-centered measures of health care service but should not be used as a proxy for overall quality, safety, or effectiveness of surgical spine care. 43 These surveys are the basis for "physician rankings" on several popular websites, which is problematic as a patient's experience with the complexities of medical care is not exactly the same as a hotel stay or satisfaction with the performance of a vacuum cleaner. In addition to the very subjective nature of the survey, Truumees notes that "One way to lower your satisfaction score is to stop prescribing narcotics to patients convinced they 'need' them." 42 The ultimate goal of intervention for spinal pathology is to improve the patient's quality of life, restore function, and relieve pain, not necessarily placate their every desire, however self-destructive, in the name of increasing a score on a survey.
Pain Scales
The VAS is drawn on a 10-cm horizontal line without any marked gradations. 44 The left end of the line is labeled "no pain," and the right is labeled "worst pain imaginable." The person taking the survey places a mark which represents his current level of pain. Then the mark is measured from the left end and the distance is reported in centimeters. 45 More commonly used in practice is the Numerical Rating Scale (NRS). 26, 23, 34 It is an 11-point scale where patients are asked to rate their pain from a 0 (no pain) to a 10 (worst pain imaginable).
The NRS is familiar to most patients; however, a single item survey (such as an NRS) measuring a complex construct like pain likely will have more measurement error than multi-item scales like the RMDI or PROMIS measures. 47 This limitation may result in the NRS being less effective than PROMIS at detecting clinically meaningful changes.
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Health-Utility Scores
Cost-utility analysis provides a rational way to allocate limited resources. While cost/benefit could theoretically be based on any measure of outcome, QALYs are the standard metric for health care economics, and therefore a critical parameter for spine surgeons. Application of cost/QALY gained as a primary determinant of economic viability for a given treatment or intervention is widespread in Europe and growing in the United States.
Spine surgeons have become comfortable with HRQoL measures such as the ODI, SF-36, and VAS/NRS, but are less familiar with QALYs. QALYs are a measure of health status generated by preference weighted evaluation systems, most commonly the EQ-5D or SF-6D. QALYs describe a Health State Value that ranges somewhere between perfect health (1.0) and death (0.0). QALYs also differ from HRQOL scores in that they are reported over time. That is, an intervention that takes a patient from a score of 0.5 to 0.6, and maintains that benefit for a period of 1 yr, generates 0.1 QALY gained.
While at first glance seeming complicated, QALYs actually account for quality of life, patient preference, and durability. These are all important elements of outcome for which surgeons want to be accountable. Certainly, it makes more sense to be accountable for these clinically relevant factors as compared to many of the process measures for which we are accountable at present. Additionally, these are metrics that respond reliably to effective interventions in well-selected patients.
HOW DO QALYS REFLECT PATIENT PREFERENCE?
The primary difference between QALYs and other health status measures is that QALYs are "preference-weighted." This is not a capability that is intrinsic to the questionnaire itself, as the component questions comprising the EQ-5D and SF-6D are similar to other health status measures. Preference weighting is a process by which survey responses are "valued" by a sample population using game theory methodologies such as time trade off and change standard gamble. In this fashion, patient preference for a given health state value is determined.
Tracking Outcomes and Complications
Gathering direct evidence-based outcomes data is critical to providing the best value and cost-effective management of spine disorders. There are 2 complementary methodologies available for gathering this data-randomized controlled trials (RCT) and clinical Registries, each with their own attendant advantages/disadvantages.
An RCT has the advantage of generating better quality evidence (typically 1a, 1b, 2a) compared to registry evidence that develops 2b-4, depending on methodology chosen. An RCT has also the advantage of minimizing trial bias and limiting the confounding variables compared to a registry. 47 However, creating a surgical RCT can be challenging as there can be crossover based on clinical characteristics that diminishes the value of the conclusion of any intention-to-treat analysis. Furthermore, an RCT is often unethical when the prevailing available clinical evidence suggests that a surgical intervention is likely to benefit the patient.
A registry has the distinct advantage of a low cost per case compared to an RCT. A clinical registry allows the collected data to be used almost immediately and registry is defined by its open hypothesis characteristics. This provides more effective analysis of clinical trends with appropriate, clinically relevant data sets than can be mined from larger administrative databases, such as NIS, UHC, and CMS which are frequently used in to assess clinical performance. Prospectively organized registries are more feasible and closer to daily clinical situations, measuring quality and effectiveness on real-world patient populations in real-world health care delivery settings that are not biased by artificial trial criteria. 48, 49, 50 A frequent complaint of spine surgery is the wide variability of practice patterns and results in the management of spinal disorders. Generally speaking, there are 2 types of clinical variables: expected (explained, random) and unexpected (unexplained, assignable). 51 These unexplained variations can further be categorized into 3 categories: process variation, outcome variation, and performance variation. 52 Performance variation, which is the difference between any given result and the optimal or ideal result, is arguably the most important. 52 Defining the "gold standard," however, can be elusive, and evidence-based guidelines or best practices have their own degree of variation.
The management of spinal disorders, both operative and nonoperative, has improved over time; however, outcomes can vary across hospitals and surgeons. 53 Why does the "best" surgical care at one academic medical center cost twice as much as another? 52 The advent of registries and advance informatics allows policy makers, payers, and physicians access to valuable clinically relevant performance data and help potentially clarify this quandary. For clinicians, this data feedback allows individual physicians to benchmark their own outcomes against local, regional, and national norms and identify their own individual variation to aid in quality improvement.
There are many registries in the United States (PQRS, NSQUIP, HCUP, etc.) but the largest spine-only registry is the Quality Outcomes Database (previously known as N 2 QOD). It is a US-based registry that was launched in 2012. As of April 2015, there were 15 000 patients enrolled in 46 participating centers. 54 Similarly, several European registries have overlapping aims. [48] [49] [50] [51] [52] [53] [54] [55] All of these registries were built to provide outcome measurements, both pre-and postoperatively, as well as complication reporting.
CONCLUSION
In a health care system where patients, payers, and government actors alike are using value to drive reimbursement, it is imperative for spine care providers to understand the measures of quality by which they are being judged. Patient satisfaction scores as currently used remain qualitative and subjective with methodologies for population health evaluation that have not been fully vetted. Similarly, many of the process metrics used by regulators and policy makers as a substitution measurement of the overall health of the patient and certain procedures may not adequately reflect the benefits of the procedures being performed. While important, satisfaction metrics should not be used as a proxy for overall quality, safety, or effectiveness of surgical spine care. 43 Value likewise is determined not only by quality but also by costeffectiveness.
PROMs, and the studies and registries based on them, act to help guide us toward finding "the truth" in the efficacy of our treatment decisions as physicians in improving our patients' lives. Working to increase understanding of the measurements of quality will help spine care providers increase the efficacy of their own care. It is important to measure outcomes both in RCTs as well as through registries, which may support surgical strategies that are generalizable, and not just effective in tertiary care centers. These studies are also essential for tracking patient safety issues, and identifying modifiable risk factors. Through this data reporting, we can continue to make best practice decisions and ensure that patients receive technically advanced, high quality, yet cost-effective spine care into the future.
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